The possibility to establish clear relationships between the results of the Generalized Beam Theory (GBT) and those of the classical beam theories is a crucial issue for a correct theoretical positioning of the GBT within the other existing beam theories as well as for the application of the GBT in the current engineering practice. With this in mind, the recovery of classical and non-classical beam theories within the framework of the GBT is presented in this paper. To this purpose, a new formulation of the GBT with shear deformation is conceived. Particularly, the formulation recently proposed by the authors is here modified by introducing new definitions of the kinematic parameters and of the generalized deformations, and extended to the dynamic case. Firstly, it is shown that a suitable choice of the flexural deformation modes allows recovering the Vlasov beam theory, both with and without shear deformation. Also, the analytical solution of the non-uniform torsion problem with shear deformation is given. Then, the recovery of the Capurso beam theory using the nonlinear warping deformation modes is illustrated.
Introduction
Thin-walled beams are used in a broad variety of structures, ranging from the aeronautical to the civil engineering. Accordingly, much research has been devoted to the development of effective analysis tools, that combine easy usage and good predictive capabilities, to evaluate their structural behavior. The first important contribution for the analysis of thin-walled beams was the wellknown theory developed by Vlasov (1961) . Later, Capurso (1964a Capurso ( ,b, 1984 generalized the Vlasov theory by introducing the shear deformability along the wall midline. In particular, this was achieved by enriching the warping description, while keeping null in-plane deformation of the cross-section, as in the Vlasov beam. Then, the concept of generalized warping functions has been used further by many authors (see, for example, Bauchau, 1985; De Lorenzis and La Tegola, 2005; Genoese et al., 2014; Ferradi and Cespedes, 2014) . On the other hand, in the 80s, Schardt (1989 Schardt ( , 1994 proposed the Generalized Beam Theory (GBT), which has been proven to consistently account for cross-section distortion along with the classical kinematics of axial displacement, bending and torsional rotation in a comprehensive fashion. The fundamental idea of the GBT is to assume the displacement field of the beam as a linear combination of predefined cross-section deformation modes multiplied by unknown functions dependent on the beam axial coordinate, called kinematic parameters or generalized displacements. From its original form, many authors have contributed to the improvement of the GBT by extending it beyond its original formulation for open unbranched sections (Dinis et al., 2006; Silvestre, 2007 Silvestre, , 2008 Goncalves et al., 2009) , by adding geometric nonlinear effects (Davies et al., 1994; Silvestre and Camotim, 2003a; Camotim et al., 2010; Silva and Silvestre, 2007; Silva et al., 2010) , by developing beam elements based on semi-analytical solutions (Andreassen and Jonsson, 2013) , or by presenting new formulations for the dynamic analysis of open-section members subjected to initial perturbations or acting loads (Bebiano et al., 2013) . Moreover, an interesting application of the GBT to analyze cold-formed roof systems has been presented by Braham et al. (2008) , an effective equlibrium-based procedure for the reconstruction of the three-dimensional stresses in GBT members by de Miranda et al. (2014) , and the discussion of analogies between the GBT and the constrained Finite Strip Method by Adany et al. (2009) and Silvestre et al. (2011) .
Recently, a formulation of the GBT for the elastic-plastic analyses of thin-walled members experiencing arbitrary deformations and made of non-linear materials has been developed (Abambres et al., 2013 (Abambres et al., , 2014a and used for the modal decomposition of equilibrium/collapse configurations in the context of an inelastic member http://dx.doi.org/10.1016/j.ijsolstr.2014.07.001 0020-7683/Ó 2014 Elsevier Ltd. All rights reserved.
analysis (Abambres et al., 2014b) . Moreover, a GBT-based method capable of identifying the modal participation of the fundamental deformation modes from a general buckling mode determined by using the Finite Element Method has been presented by Nedelcu and Cucu (2014) .
The selection of the cross-section deformation modes (usually referred to as cross-section analysis) has received extensive attention in the research community over the years. On this regard, in the spirit of the semi-variational method, an interesting approach that reverses the classical methodology of GBT cross-section analysis has been proposed by Ranzi and Luongo (2011) : firstly an in-plane analysis is carried out by solving a dynamic eigenvalue problem relevant to an inextensible planar frame having the shape of the cross-section middle line, then the warping is evaluated by enforcing the Vlasov unshearability condition. Recently, an extension of this dynamic approach to include also non-conventional (extension and shear) modes has been presented by Piccardo et al. (2013) and a variant, based on a new quadratic functional, by Piccardo et al. (2014) .
In the GBT literature, much attention has also been devoted to the shear deformability (Silvestre and Camotim, 2003b , 2004 de Miranda et al., 2013) . In particular, a new formulation of the GBT that coherently accounts for the shear deformation has been recently presented by de Miranda et al. (2013) . Guaranteeing a coherent matching between bending and shear strain components of the beam, the new formulation allows to clearly identify the classical degrees of freedom of the beam, an important issue to develop geometrically nonlinear formulations based on corotational approaches (Zagari et al., 2013; Garcea et al., 2009 Garcea et al., , 2012 .
Indeed, notwithstanding the great amount of literature on GBT, in the author's opinion there is still a need for a proper theoretical positioning of the GBT within the framework of the other existing beam theories. This would allow to establish clear relationships between the GBT results and those of the classical beam theories, a crucial issue to apply the GBT in the current engineering practice. An interesting early attempt in this direction, limited to the unshearable Vlasov theory, was presented by Silvestre and Camotim (2002) . With this in mind, the recovery of classical and non-classical beam theories within the framework of the GBT is presented in this paper. The starting point is the shear deformable GBT presented by de , here properly reformulated by introducing different definitions of the kinematic parameters and of the generalized deformations, and extended to the dynamic case. In particular, firstly it is shown how it is possible to reduce the new GBT formulation to the standard shear undeformable GBT. Then, it is shown that a suitable choice of the deformation modes allows to recover the Vlasov beam theory, both with and without shear deformation. On this regard, the analytical solution of the non-uniform torsion problem with shear deformation is given and an example discussing the influence of the shear deformability is presented. Finally, the recovery of the Capurso beam theory using the nonlinear warping deformation modes is illustrated.
The paper is organized as follows. The kinematics of the new GBT is presented in Section 2 and the complete formulation of the GBT for the flexural deformation modes in Section 3. The reduction of the present shear deformable GBT to the classical shear undeformable one is presented in Section 4. Section 5 is devoted to the recovery of the Vlasov beam theory. The GBT formulation for nonlinear warping modes is presented in Section 6 and the recovery of the Capurso beam theory in Section 7. Some final considerations end the paper.
Kinematics
The GBT can be viewed as a one-dimensional theory deduced from a parent three-dimensional theory basing on some kinematical ansatzs. In particular, the displacement field of the beam is assumed as a linear combination of predefined cross-section deformation modes multiplied by generalized displacements that depend on the beam axial coordinate. Thus, at the generic time t, the following displacement field is assumed for the generic ith wall of the cross-section (see Fig. 1 and e is the vector collecting the independent z-fields governing the strain components, hereinafter denoted as generalized deformation parameters:
As it can be noted, the strains components comprise terms not depending on nand terms proportional to n. In the following, the former will be called ''membrane'' part of the strain and denoted by superscript ðMÞ, and the latter will be called ''bending'' part and denoted by superscript ðBÞ. Finally, combining Eqs. (9) and (10) leads to the following generalized displacement-deformation relationship: where I m is the m-order unit matrix being m the number of the deformation modes, and symbol denotes the Kronecker product. According to Eq. (11), the differential operator D can be interpreted as the compatibility operator of the beam model. Indeed, it is worth to note that parameters e are not free from cross-section rigid-body motions.
As anticipated, the above kinematics introduces some internal constraints on the parent three-dimensional body to derive the one-dimensional beam model. These can be summarized as: (i) the displacement field varies linearly with the n coordinate; (ii) e nn ¼ 0; (iii) c sn ¼ 0; (iv) c zn is constant with the n coordinate. Of course these constraints somehow limit the predictive capabilities of the beam model. Some additional observations about this are given in Section 3.5.
Even if similar, the above kinematics differs from that presented by de for some specific aspects that it is worth to remark here. The most evident difference lies in the different choice of the kinematic parameters. In particular, in the present formulation they do not include any derivatives, while in the formulation by de , as well as in the classical GBT, v 0 is included between the kinematic parameters. This leads to a beam compatibility operator, Eq. (11), involving only first-order derivatives in the axial direction and not also secondorder ones like in de and in the classical GBT. This is somehow similar to what happens passing from the Euler-Bernoulli to the Timoshenko beam theory and, as it is well known, can have important consequences if finite element modelling, or other numerical modelling, has to be developed. Another issue regards the definition of the generalized deformation parameters given in Eq. (10), different form that used by de . As shown in the following, this choice allows for a clear identification of the relationship between the present generalized deformations parameters and those of classical and non-classical beam theories, in accordance with the aim of the paper. However, notwithstanding the remarked differences, the selection of the cross-section deformation modes and the modal decomposition procedure of the present formulation follow the same path outlined by de . Accordingly, these issues will be only shortly recalled in the following. The interested reader can refer to de for further details.
Deformation modes
In the following, the term natural nodes is used to refer to the vertices of the cross-section midline, while internal nodes to intermediate points along the wall midline, as shown in Fig 
Nonlinear warping modes can be introduced to enrich the sole warping description along the wall direction. They coincide with those originally introduced by Camotim, 2003b, 2004 and are typical of beam theories with enriched warping description such as that of Capurso (1964b Capurso ( , 1984 . These modes are ruled by parameters w and summarized in Fig 
Flexural formulation
In this section, the formulation of the GBT for flexural-shear modes is presented. In the following, all the expressions are given for fundamental flexural-shear modes. The corresponding expressions for local flexural-shear modes can be obtained by simply
Generalized stresses and forces
The generalized stresses s are defined as the work-conjugates of the generalized deformations e according to the following work equivalence condition:
where r ¼ r ss r zz s zs s zn ½ T is the vector collecting the threedimensional stress components. Using Eq. (7), the above condition yields:
T in ¼ q s q n ½ ; q z ; m s and m z the thickness resultants (see Fig. 3 ):
with h denoting the thickness of the wall. As it can be noted, f The generalized surface forces f ðpÞ are defined following the same path outlined for f ðbÞ . In particular, it can be easily verified that they can be written as: or (À) according to the sign of n on said surfaces. Finally, the gener-
are obtained as sum of the bulk and surface generalized forces:
Generalized inertia forces
Generalized inertia forces f ðiÞ can be written as:
where a superposed dot denotes the time derivative and m is the generalized inertia matrix, defined according to the following kinetic energy equivalence condition:
Substituting Eq. (6) in Eq. (28) and integrating over the wall thickness yield:
Dynamic equilibrium equations
Invoking the D'Alembert form of the Principle of Virtual Work, it is possible to write the dynamic equilibrium equations in the form: where 
Moreover, the same variational framework yields also the following boundary conditions:
where a superposed bar denotes a quantity assigned on the extreme bases. In particular, in the above equations the following definitions have been introduced:
where t s ; t n and t z are the surface forces applied on the extreme bases of the beam, in direction s; n and z, respectively. It is worth to note that the second boundary condition involve the quantity
þ V that, as it will be shown in the recovery of classical theories, leads to the total twisting moment (see Section 5.1.1).
Constitutive law
The material is assumed linearly elastic and isotropic. Since the beam model is based on a kinematic ansatz that leads to internal constraints it tends to be overstiff. In the framework of the classic GBT, a typical way to address this problem is to properly adjust the constitutive equations. In particular, the following form is usually assumed: 
and e ðMÞ and e ðBÞ are the vectors collecting, respectively, the membrane and the bending parts of the strain components. Also, E is the Young's modulus, G the shear modulus and
m the Poisson coefficient. It should be noted that the same result could be obtained by assuming the same biaxial constitutive law for both the membrane and bending part and, then, assuming null the Poisson coefficient for the membrane part. Indeed, alternative proposals can be found in the literature. For example, Jönsson and Andreassen (2011) assumed a uniaxial constitutive law for both the membrane and bending parts, so neglecting any coupling of axial and transverse strain, and the plate type elasticity modulus E is used in the transverse direction.
The cross-section stiffness matrix C (that is the constitutive law of the beam model) can be derived by the following work-equivalence condition 
where:
In general, the various submatrices composing the cross-stiffness matrix C are full, so determining an high coupling among the generalized deformation parameters and, hence, in the final governing equations. In addition, the mechanical meaning of the generalized deformation parameters is not at all obvious and, in particular, the classical parameters of standard beam theories cannot be clearly distinguished. However, a modal transformation is sufficient to gain a partial uncoupling among the generalized parameters and, what is most important, to shed light on their mechanical meaning.
The new basis is termed as modal base and the transformation as modal decomposition. The interested reader can refer to de for further details on the modal decomposition procedure. Hereinafter, whenever a generic matrix/vector ''Á'' is expressed in the modal space, the symbol ''Á'' is used. In the modal space, matricesĈ ðf Þ S andĈ ðf Þ M are diagonal and can be written as:
Reconstruction of the three-dimensional stresses
As observed in Section 2, the GBT model can be seen as the representation of a three-dimensional body on whose displacements some kinematical ansatzs are made in order to restrict the class of admissible deformations to those peculiar of a one-dimensional beam model. The kinematical ansatzs play the role of an internal constraint imposed on the parent threedimensional body to derive the corresponding one-dimensional beam model. As extensively discussed by Lembo and PodioGuidugli (2007) and Formica et al. (2014) with reference to plate-like bodies, in presence of internal constraints the stress field decomposes into the sum of an active and a reactive part: only the active part is constitutively determined by the solution of the beam problem, and the reactive part is given the role of maintaining the constraints while doing no work for each admissible deformation. As regards the active part, assuming the constitutive law (38) and combining Eqs. (7), (12) As regards the recovery of the reactive parts of the three-dimensional stress components, the interested reader can refer to de Miranda et al. (2014) where a procedure to recover them by enforcing the three-dimensional equilibrium conditions is discussed.
Recovery of the shear undeformable GBT
The recovery of the classical shear undeformable GBT starting from the shear deformable one developed in the previous sections is presented here. As it is well know from the literature on GBT, in the shear undeformable GBT the following constraints hold: 
Accordingly, following the same path outlined in the previous section, the equilibrium equations can be written as:
and the boundary conditions as
Notice that the equilibrium equation (55) could be obtained form Eqs. (33) and (34) by simply differentiating the second one with respect to z and summing to the first one, as in classical passage from the Timoshenko to the Euler-Bernoulli beam theory.
Recovery of the classical beam theories
In this section, it is shown how it is possible to recover classical beam theories from the Generalized Beam Theory described in Section 3, i.e. using only the flexural-shear modes. In particular, it will be shown how it is possible to recover the Vlasov beam theory enriched with shear deformation (Piovan and Cortínez, 2007) and also how this can be reduced to the classic theory of Vlasov without shear deformation. Finally, an example which discusses the influence of shear deformability on the torsional behavior of a Vlasov beam is presented.
In the following, reference is made to the geometric relations given in Appendix B and to Fig. 4 , where G and C denote, respectively, the geometric centre and the shear centre of the cross-section, and x and y are the principal inertia axes of the crosssection, in the sense specified in Section 5.1.5. Moreover, consistent with engineering practice, when computing geometric properties the cross-section is considered as composed by a sequence of rectangles, one for each wall, as sketched in Fig. 5 .
Shear deformable Vlasov beam theory
Consider a thin-walled beam whose cross-section has at least four natural nodes. Use only flexural-shear deformation modes and, in particular, in the modal space take into consideration only the first four modes and neglect all the others (i.e. consider only those modes which entail rigid cross-section in its own plane). Under the above hypotheses, it can be verified that the displacement field can be written as: 
and functionsŵ i ;n i ;x i take the following forms:
;n 3 ¼l 3 À n w 3 ¼ y;x 3 ¼û 3 À nŵ 3 ¼ Ày; Fig. 4 . In Eq. (61), / m is the primary or contour warping, whereas / h is the secondary or thickness warping.
From the above expressions it can be argued thatv 2 ;v 3 andŵ 1 are the displacements of the shear centre C in the directions x; y and z, respectively,ŵ 3 andŵ 2 are the cross-section rotations about the principal inertia axes x and y, andv 4 is the in-plane cross-section rotation about the shear centre. Moreover,ŵ 4 is the sum of the rate of twist about the shear centre and of the torsional shear strain (further details about this are given at the end of this section). Finally,v 1 can be disregarded, since the corresponding modal functionsŵ 1 andn 1 are null. In order to emphasize their physical meaning, the following renaming of the kinematic parameters is introduced: 
Note that, as could be expected in a shear deformable beam, the cross-section rigid rotations about the principal inertia axes, h x and h y , are kinematic parameters independent form the transverse displacements of the shear centre along the principal inertia axes, v x and v y .
Substituting Eqs. (60) and (62) in (57)- (59) and using the geometrical relations given in Appendix B yield the following form for the displacement field:
where v n and v s denote the displacements of the shear centre in the directions of local axes n and s, respectively. In this context, the significant components of the vector of the generalized deformations, i.e. the components associated to nonnull strain energy, can be written as: 
The components ofâ have not been included since they correspond to rigid body motions of the cross-section . The same holds for the first component ofĉ and the first three components ofb, all omitted since corresponding to cross-section rigid body motions. In Eq. (66), e is the axial strain, v x and v y are the bending curvatures about principal axes, v / is the torsional curvature due to non-uniform warping, c x and c y are the transverse shear strains and c / is the torsional shear strain. As regards the generalized deformation b, this can be rewritten in terms of c / as
c / , so showing that bis the torsion strain made free from the effect of shear deformability. Moreover, by eliminating b between this last expression and that given in Eq. (66), yields
that shows that w / is the sum of the rate of twist about the shear centre and of the torsional shear strain.
Generalized stresses and forces
The generalized stresses associated to the above generalized deformations are:M 
Substituting Eq. (60) in Eqs. (17)- (19), the components of the generalized stresses take the following forms:
being s z the mean value of s z over the wall thickness. Inspecting the expressions given in Eqs. (69)- (73) it can be noted that they are the classical definitions of the generalized stress components for a Vlasov beam (see Fig. 6 ). In particular, it can be noted that:
the expressions in Eq. (69) are the definitions of axial force, bending moment about the y-axis and bending moment about the x-axis, respectively; the expressions in Eq. (70) are the definitions of the bi-moment á la Vlasov and of the St. Venant torsion, respectively; the expressions in Eqs. (71) and (72) In the above expressions, f x and f y are the forces prescribed in the plane of cross-section, c z is the prescribed torsional couple, f z is the prescribed axial force, and c x and c y are the bending couples prescribed about axes x and y, respectively. Analogous expressions can be obtained for the generalized surface forces f ðsÞ . They are not reported here for the sake of brevity.
Generalized inertia forces
Substituting Eq. (60) in Eqs. (30) and (31) and using the geometrical relations given in Appendix B, the inertia matrices read as: ds is the sum of the polar moment of inertia about the shear centre and of the moment of inertia reckoned about the midline of the cross-section, and
2 dA is the warping constant. Notice that, since axes x and y are the principal axes of inertia of the cross-section, the off-diagonal terms in matrixm w vanish. The constants in matricesm v and m w can be identified as the effective inertial properties of the crosssection. Thus, qA is the effective inertia due to translations of the cross section, qI x and qI y are the effective bending rotary inertias, qI c is the effective twisting rotary inertia and qC is the effective warping inertia.
Dynamic equilibrium equations
In the present context, the dynamic equilibrium equations, Eqs. (33) and (34), read as:
Introducing the total non-uniform torsion (or total twisting moment), defined as (83) and (87 ) take the forms:
As it can be observed, Eq. (84) is the classical axial force equilibrium equation, Eqs. (81) and (82) are the classical shear forces equilibrium equations, Eqs. (85) and (86) are the classical bending moments equilibrium equation, and Eqs. (83) and (87), or equivalently Eqs. (88) and (89), are the equilibrium equations for non-uniform torsion, accounting also for the contribution of the St. Venant torsion. In particular, focusing the attention on the bending-shear behavior only, it can be noted that Eqs. (81), (82), (85) and (86) are typical equilibrium equations of a Timoshenko beam. In statics, the bending-shear equilibrium equations and the torsional ones are uncoupled. In dynamics, they are coupled through the inertia forces, unless the geometric centre of the cross-section and the shear centre coincide (i.e. x c ¼ y c ¼ 0).
Constitutive laws
Henceforth for simplification we shall assume uniaxial constitutive relationships for both the membrane and bending stress components, i.e. C ðMÞ matrix, Eq. (38), is used for both membrane and bending parts of the strains. Notice that this assumption implies that x ¼ x, see Eq. (47). Under this assumption, substituting Eq.
(60) in Eq. (40) yields the following classical forms for the beam constitutive laws:
where I c is the polar moment of inertia about the shear centre, that differs form I c because does not account for the thickness contribution, and J t ¼ R A 4n 2 dA is the St. Venant torsion constant.
Some remarks
(1) The cross-section geometrical properties given above, as well as the definition of the principal inertia axes, are the standard ones, whether an uncoupled one-dimensional constitutive law or a coupled two-dimensional one is adopted for both the membrane and bending parts. In the first case, the results are those just presented. In the second case, the results are like those presented, but E is replaced by E. The case of the classic GBT, where an uncoupled constitutive law is adopted for the membrane part and a coupled one is adopted for the bending one, is slightly different. In fact, it can be shown that, in this case, the same expressions presented in this paper are obtained but the cross-section geometrical properties and the principal inertia axes are not exactly the standard ones, owing to a slight mismatch in the higher-order wall-thickness terms, even if the position of cross-section geometric centre is correct. In particular, the effect on the inertia moments of the generic wall is sketched in Fig. 7 . As it can be noted, the inertia moment I n 0 , depending on the third power of the thickness, differs form the standard one due to the factor b. 
On the other hand, solving the same problem within the classical Vlasov theory, i.e. accounting for the non-uniform torsion but not for the shear deformation, the twist h z takes the form: Comparing Eqs. (105) and (108) it can be noted that the main difference between them is the presence of the parameter d (or, analogously, of the term J t =4 I c ) in the former, which can be viewed as a ''measure'' of the effect of the shear deformability on the solution in terms of h z . For standard dimensions used in the current practice, this effect is of little importance, as shown by Table 1 collecting the values of d for three different sets of dimensions of a double-T crosssection (see Fig. 9(b) ). As it can be noticed, in all the cases considered d % 1 and, hence, the effect of the shear deformability on the solution in terms of h z is very small.
Nonlinear warping formulation
In this section, the GBT formulation for nonlinear warping deformation modes is presented. Recalling the expression of matrix E for nonlinear warping deformation modes, Eq. (13), and following the same path outlined in Section 3 for the flexural formulation, it can be easily verified that, for the nonlinear warping modes, the generalized stresses read as: 
Of course, if both the flexural-shear and the nonlinear warping deformation modes are considered, then the cross-section stiffness matrix should be obtained by superposing those of Eqs. (40) and (111) and adding the coupling terms between the two classes of modes (that can be evaluated using the same arguments employed to obtain the other terms). This case is not reported here for the sake of brevity. The modal decomposition procedure follows the same lines of that given in de .
Recovery of the Capurso beam theory
In this section, it is shown how, using the nonlinear warping modes, in addition to the flexural-shear ones, it is possible to recover the Capurso beam theory (Capurso, 1964a,b) .
Consider a thin-walled beam with the cross-section having at least four natural nodes. In the modal space, take into consideration the same four flexural-shear modes already discussed in Section 5, together with n w nonlinear warping modesû i associated to internal nodes. Under these hypotheses, the displacement field of Eqs. (63) 
As expected, the nonlinear warping modes engender an enrichment in the description of the warping displacementd z , given by the term P iûiŵi , without modifying the expressions of the displacementsd n andd s in the plane of the cross-section.
The above displacement field has the same form of that of the Capurso beam theory (Capurso, 1964a,b) . Indeed, it is worth to note that hereû i are piecewise linear functions and not the eigenfunctions of a particular homogeneous self-adjoint equation as in the Capurso's theory. However, in the present case, piecewise linear functionsû i are associated to internal nodes whose number n w and position do not depend on the geometry of the cross-section. Therefore, it is always possible to use a number of functionŝ u i able to accurately approximate the eigenfunctions of the Capurso theory. Alternatively, no theoretical limits exist to reformulate the present theory using the Capurso eigenfunctions for functionsû i .
Using the same arguments of Section 5, it can be easily shown that, in the present case, the equilibrium equations (81)- (87) 
where
Moreover, the relationships between generalized stresses M i and the corresponding generalized deformations v i read as:
On the other hand, the constitutive relationships for the generalized stresses V i couple the nonlinear warping modes with the flexural-shear ones. In particular, the constitutive relationship reads as: 
Notice that, according to the presence of c h , this theory does not require shear correction factors.
Conclusions
The recovery of classical and non-classical beam theories within the framework of the GBT has been presented. To this purpose, a new formulation of the GBT with shear deformation has been conceived. In particular, the formulation recently proposed by de has been modified by introducing new definitions of the kinematic parameters and of the generalized deformations, and has been extended to the dynamic case. Starting from this, firstly it has been shown how it is possible to reduce the new GBT formulation to the standard shear undeformable Some geometrical relations are presented here. Consider the generic wall of the cross-section shown in Fig. 4 and let Onsz be the local reference system and Gxyz the global one. The geometric centre and the shear centre of the cross-section are denoted by G and C, respectively. The axes lying in the plane of the cross-section are defined by the unit vectors e n and e s for the local reference systems, and by the unit vectors e x and e y for the global one. In particular, e x and e y identify the directions of the principal inertia axes of the cross-section. The unit vectors of the local reference system Ons can be expressed as: Let r be the position vector with respect to the shear centre C of the generic point P belonging to the cross-sectional wall ( x ¼ x o À s sin g þ n cos g ¼ x m þ n cos g; ðB:7Þ y ¼ y o þ s cos g þ n sin g ¼ y m þ n sin g:
ðB:8Þ
